
SEPTEMBER, 1916. MONTHLY WEATHER REVIEW. 509 

SECTION 11.-GENERAL METEOROLOGY. 
THE PROBABLE GROWING SEASON.’ 

By WILLIAM GARDNER REED. 

[Dated 17. S. Office of Farm Mansgement, Washington, July 24.1910.] 

Although the terni “growing season ’’ hns been used 
to inclicnte the iiuniber of days between the last killing 
frost in Sprin and the first Itiliing frost in the nver- 

the growth of plmted crops. Tlie accompanying imp  in 
figure 3 (w. G. R., fig. 2, Chilrt xLIv-1211 is an attempt to 
show the “ robably avgilable p i n g  senson” or the 
number of &ys without kXng roat for which the clbince 
is about four in five, tlie chnnce being computecl in the 
same manner as insurance ikks we deteiminecl. If 
losses froni frost occur niore frequently thnn one year 
in five, in the long run, the farmer IS not likely to succeed. 
The second niap (w. G. R., fig. 3) shows tlie dates on wlich 
begin the periods indicated in the map of the “availuble 

age length o P this interval is not the time nrailable for 

exnniple, tlie frost record of Reokulr, Iowa, Table 1 and 
figure 1, shows that the nvernae date of the Inst killing 
frost in Spring is April 15 a n 8  the nvern e date of first 

age nuniber of days without killbig frost is 183. If the 
record is carefully esnniined, it will be seen, however, 
that n killing frost occurred in Spring later than the 
nvernge date in 20 of tlie 43 years. Tliia means that on 
the nrernge clate thcre h a s  been only .z 53 er cent (23 

an fe 
in 43) chance of 
records for the Unitec Stiites shows that this ap rosi- 
niately eyen chi ice  of safety is a general con ition; 
tliat {s, crops nhove ground on the average dnte will be 
killed by spring frost in about half tlie years. This 
lenves only hal€ tlie crops to be carried through the 

The conditions o1)taining for fall frosts are similar. 
Tlie first killing frost in Full :it I<eokuk occurred before 
the average date (October 15) in 31 of the 43 years. Of 

killing frost in Full is October 15; there f ore, the aver- 

. The study of all t f ie available 

cf? 

DURATION OF SEASON WLTHOUT KILLING FROST, KEOKUK, IOWA 

19 I - 

AUGUST S E P T E M B E R  OCTOBER NOVEMBER - A P R I L  M A Y  J U N E  J U L Y  . . . . . . - ... . . . 

AYS BEFORE DATE DAYS A F T E R  DAYS BEFORE DATE DAYS AFTER 4 
FIG. 1 .-Duration of growing seasons at Jieokuk. IOKX. 1872-191.1, inclusive. (Average numlm of days without killing frost is 183.) 

growing season” (fig. 3). This :in? shows t,lie dnte on 
which the chance of lrilling frobts nlls to one in ten, or 
when the chnnce t,lin.t there will be no 1at)er spring frost 
becomes nine in t.en. The third niap (mi. Q. R., fig. 4) 
sho~vs tlie probable end of the growing senson. The 
dntes are those on which the chance of killing frost. in 
Fall rises to one in tea, or when the clinnce of safety 
becomes less thnn nine in ten. 

The average number of days without killing frost is 
considerably lonwer tlin t, tliat n.vailable for the growth 
of planted mnunfs, as nmy be easily seen from an esnnii- 
nn.tion of the cliarncteristics of frost occnrrence. For. - 

1 Pro!. W. J. Spillmm, Chief of the Office of Farm Management. made the original 
suggestion leading to the study of the characteristics of the frequency distriliutiom nf 
climatic phenomena Important in farm management inyesti Jtionr. This pq r is 
one result of the study. The development and appliraticl?l of tKe mathematica! &r; 
is the work of Mr. H. R. Tolley of the Office of Farm Management. 

Accom b e d  hy Charts xm-121 to XLIV-123. * Dav g. C. Frost data of the ‘‘nited States and length of the cropgrowing season. 
(Weat&r Bur. Bul. V),. U‘asiungton, 1911. 

Fassiy 0 L The eriod of safe plant growth In Maryland md Delaware. M~ONTIILY 
WEITE~R R E ~ E W  d 152-15s. Washington. 1914. 

Smifh,J.  Ilbrren. Theclirdateof Ohio. Wooster 1912. (OhioA exp. sta. Eul.135.) 
Whitson A R & Baktr 0 E The cllmste of bivisconsln and grelatlon to agricul- 

ture Bdisdn ‘ h .  (Wfs exp sta Bul. 123 ) 
t i laon, W*i& M. Frit; m’New’Yo;lr. Ithaci, N. Y., 1912. (Cornell agr. u p .  

eta. Bul. 316.1 

% t,he 20 yenrs when there n - : ~  no kil1in.c frost, in the sprin 
after the iIver:lge &e, the first killing Gost. in Frill occurre 
before t,lie n.verage chte ui 8 vears. In other words, 
the “a~ernge  se:lson wit.liout killing frost.” WRY avn.ilnble 
for plnnt.ed crops in oiily 12 of t,he 43 years, or in 28. 
per cent of t,lw yews. Unless the time required to 
mature the cro is inucli shorter than t,he ‘Inverage 
sea.son witlioiitd Eiliing frost pl:int,ing nen.r t ~ i e  nvera.ge 
rlat,e of List ltilling frost, in S wing is ont, of the quest,ion 
even for liigli mlue crops. huccessful fri.rn.iing can not 
be carried on if the loss froni frost is a s  grea.t RS one in 
tawo, t.0 SQV nothing of three in four. 

The problem for t,he farnier is to select. B planting date 
late enmi& t.0 afford rensonn,ble assurance of safety from 
spring frost and e d y  enough t>o give t,he crop time to 
mature before the danger froni Fall frost beconies too 
great. The “probably :iv:dtib!e growing senson ” t,lien is 
the period betweeii the time of renaonnble safety in Spring 
and reasona.ble safety in Fall. 

a Rced 11: G., & ToZZc , H. R. Weather as a hiisinass risk in farming. Geographfesl 
redew, hew yak, 1916,!: 48%. Ab86rac.6 in MONTHLY WEATHER REVIEW, June, 1916, 
I I :  354-5. 
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a &  
-- 
Apr. 16 
Apr. 25 
A r . 2 3 + 8  2 ay 3 

Apr. 2 
A r 3 
9 r :  4 
Apr. ia 
Apr. 17 

Apr. 16 
Apr. 12 
Apr. 24 
Apr. 8 
hay 8 

Apr. 6 
Apr. 5 
Apr. 20 
Apr. 6 
Apr. 10 

Apr. 7 
Apr. 6 
Apr. 23 

Apr. 14 

Apr. 4 
Apr. 19 
Apr. 6 
Apr. 16 
Apr. 13 

Apr. 15 
A r  
M& 1 
Apr. 21 
Apr. 17 

Apr. 1 
Nay 4 
May 2 
Mar 2 
Apr. 25 

Apr. 9 
Apr. 3 
Apr. 13 
Apr. 12 

......._. 
Apr. 15 

Apr. 2 

TABLE l.--CorrcZation of the last X-illin rost in Spring and the .first 
Wlling rost i.n Fall, .with th length o f d  season trithoict killing frost 
at h‘eo d uk, Iowa, 1873-1914, inelusi.ve. 

+ 1 
+10 

+I7 
-13 
-ia 
-41 - a + 2 

+ 1 - 3 + 9 - 7 
+23 
- 9 
-10 + 5 - 9 - 5 
- 8 - 9 + S 
- 1 
-11 + 4 - 9 + 1 - 2 
+ 3 

8 - 7  

+ 6 + 2 

-14 
+I9 
+I7 
+I7 
+10 

- 6 
-12 - 3 - 3 
-30 .... 

-13 

+16 

YeSr 

- 
1872 
1873 
1874 
1575 

1876 
1R77 
1878 
1879 

1681 
1882 
US3 
18M 
1885 

lslul 
18p7 
1889 
1689 

1891 
1892 
1RM 
1894 
1Y95 

1898 
1897 
1898 
1869 
1900 

1W)l 
1Wn 
1w)3 
1904 
1w)5 

leoB 
19M 
1503 

1910 

1911 
1912 
1913 
1914 

Sums 
Meam 

laso 

ism 

img 

- 
Y 
- 

1 
100 
64 
2d9 

169 
144 
764 
4 
4 

1 
9 
81 
49 

529 

111 
100 
25 
dl 
25 

64 
s1 
64 
169 
1 

121 
10 
s1 
1 
4 

9 
49 
256 
36 
4 

196 
361 
259 
2S9 
100 

36 
14.1 
4 
9 

904 .... 
-_ 

I First klllin frost In 
Falf. 

a 

Oct. 6 
Oct. 0 
oct. 23 
Sept. 16 

Oet. I 
Nov. 5 
Opt. 19 
Oct. a4 
OCt. 4 

ocr. 2.4 
Nor. 13 
oct. 15 
oct. 23 
OCL 6 

oct. 1 
OCt. 12 
bcpt. 29 
scpt. 27 
oct. 19 

Ort. 20 
OCt. 23 
Opt. 15 
OCt. 9 
Sept. 30 

Oct. 20 
oct. 29 
opt. 14 
Sept. 29 
Nov. 6 

Nor. 3 
06t. 14 
oct. 24 
Oct. 23 
Oct. 12 

oct .  10 
Oct. 13 
OCt. 9 
OCt. 4 
OCt. 22 

OCt. 22 
Oct. 23 
Sept. 22 
O r b .  27 

oct. 15 
...... -. 

- 
a. 
- 

- g  
- - B  
+.( 
-2i 

- - 6  + 21 
+ 4  
+ 9  
-11 

+ 9  
+29 

0 
+ R  
- 9  

-14 
- 3  
-16 - 18 
+ 4  

+ 5  
+ s  
0 

- 6  
-15 

+ 5  
+14 
- 1  - 18 
+24 

+ 19 
- 1  
+ 9  
+ 4  
- 3  

- 5  
- 2  
- 6  
-11 
+ 7  

+ 7  
+ 8  
-3 
+I2 

+ 5  .... 
- 

61 
s1 
64 
729 

64 
441 
16 
dl 
121 

81 
841 
0 

64 
51 

19R 
9 

256 
324 
16 

25 
64 

36 
325 

n 

25 
196 
1 

576 
2.n 

361 
1 
s1 
64 
9 

25 
4 
36 
121 
49 

49 
64 
529 
144 

457 .... 

9 
- 8 0  

- 459 

+ In4 - 252 - 114 - 1s - 22 

+ 9  - 87 
0 

58 
- - 2 0 1  

+ 3 %  + 30 - SO + 162 - 20 

- 40 
72 
0 + W + 15 

- 55 
+ w  
f 9  - 16 - 49 

+ 57 

- 
+ n4 

- 

- 

i 7  + 144 + 4s 
- 6  

+ 70 
38 

- loa 
- 1R7 + 70 

- 43 - 96 + JR - 36 

-1.111 

- 

....-.. 

W o n  without 
killing frost. 
- 

1 

DQYU 

- 
179 
164 
lS3 
139 

1SS 
216 
229 
194 
170 

191 
215 
174 
198 
151 

176 
190 
182 
171 
192 

196 
200 
171 
190 
lti9 

199 
1 I 
191 
166 
2m 

199 
159 
176 
155 
175 

192 
162 
160 
155 
180 

196 
203 
1Q 
198 

153 
..... 
- 

_- 
dz 
- 
- 10 - 19 

0 
-44 

+ 5  
+33 
+46 
+11 
-13 

+ 8  
+32 
- 9  
+1s 
-33 

- 5  
+ 7  - 21 
- 9  
+ 9  

+ 13 + 17 
- 8  
+ i  - 14 
+1G + 10 
+ s  
-17 
+% 

+1R 
+ 6  
- 7  
+ 2  
- 5  

+ 9  
-21 
-23 
-23 
- 3  

+ 13 
+20 
-21 
+15 

+35 ..... 

100 
360 

1,936 

25 
1,OW 
2,116 
121 
1Bs 

64 
1,024 

81 
225 

1,ux 

35 
49 
441 
s1 
S l  

16Y 
2s:) 

G4 
49 
196 

256 
1W 
64 
289 
876 

256 
36 
49 
4 
25 
81 
441 
5 3  
755 

g 

I f 4  
400 
441 
325 

1.61? 

..... 

Year. 

1572 
1x73 
1S74 
IS75 

1976 
lS77 
1375 
1S7D 
1880 

lSSl 
182 
1S.33 
1PS4 
lSS5 

l;% 
1RS7 
16AS 
1S89 
1890 

1891 
1492 
1s93 
lS94 
1695 

1896 
1x97 
130s 1sm 
1900 

1901 
1902 
14x3 
1904 
1905 

1906 
1907 
190s 
lsog 
1910 

1911 
1912 
1913 
1914 

5UlnS 
Lnns 

Symbols. 

In order to employ the data of Table 1 in mathmiat- 
ical investigations it is necessary to employ thc short- 
hand of niatheniatics, viz, synihols. Those used in this 

aper include the conventional ones generally adop tecl 
For investigations. in “prol)a~ilityJ J *  and tiicy arc listed 
below for convenience of reference. In a previous sinii- 
lar study‘ the author macle use of other symbols wliich 
did not employ Greek letters ; these previous symbols 
are given in [I after the appropriate explanation. 
8 is the date of last killing frost in Spring in any 

a is the date of first killing frost in Fall in any year. 
Z is the number of days between s and a. in any year. 
A, is the average date of last killing frost in spring. 

A, is the average date of first killing frost in Full. 
4 is the average number of days without killing frost. 

year. 

[a 1 
[Mu 1 
[Ma 1 - -. . 

4 Bplllmann. W. J .  8 Olhm. The averageinterval curve and its application to meteor- 
MONTHLY WEATTHEB REVIEW, April, 1916, 44: 197-200, with ological phenomena. 

plat0. 

A,’ is some arbitrary nunihcr near 4. 
&’ is some arbitrary number near &. 
Az’ is some arbitrary numher near AI. 
d,  is the departure of s froni A$’. 
d, is the departure of a from &’. 
dl is the departure of Z from AI’. 
n is the number of observations. 
u, is the standard deviation of 8. 
u, is the standard deviation of a. 
uz is the standard de-riation of 1. 
9’ is thc coefficient of correlation. 
E, is the rohaldc. crror of T .  

aebraic sunis of (is2, etc. 
Ed,, etc., Is chraic sums of as, etc. 
sa,-, etc., a t  

If crops are to be lanted intelligent,ly, the farmer must 

Spring and Fnll. There would be no difficulty in 
deterniinina tlie chanc.c in the long run if the records 
were of suhcient length-that is, at  least 100 gears, or 
still better 500. For the Uiiitcd States, however, the 
longest frost record is but 59 years, m c l  there are but 
671 complete records of 20 ycnrs or more, although there 
are 116 additionul 2O-year records with one or more 
years missing. [The thcorctical probalditv can be de- 
terniined satisfactorily from numerous s T iort records, 
but it must be recognized that in nature the actual 
weather coFditions ovcr a short period may and usually 
(10 differ widely from the theoretical ones lor a long pe- 
riod.] I t  has been shown in another place5 that the 
chance of occurrence of frost can be determined with 
usalile accuracy from a 30-year record on the basis of the 
theory of probability. The mcthotl by which this may 
be done is mdicatedby Table 3. It is applicable to frost 
data because the dispersion of these dat.a follows closely 
that of the “normal frequency curve. ” 

h o w  the chance of ! rost occurrence on any date in both 

Computation, of the ‘( stuidard dezvitrtion.,” ctc. 

TVhen the staiidaril deviations of tlie dates of last 
killiiig frost in Spriiig (u,) or of the first killing frost in 
Fall (un) are kiiowi, tlie date when the chance of occur- 
renco falls to a given per cent mid the average interval 
between unfavorable occurren ces may easily be deter- 
milied from the Spilllnann curve or from Table 3 below. 
The colilputatioii of the standard deviation and other 
quantities referred to lnter is as follows. 

It appears from the last two lines of Table 1 that- 

Ed8 =-30 Ed,, =+5 Zd&= -1111 I Ed2 .=+35 
A,’=Aprill5 A,’=Oct. 15 Az‘=lS3 
A, =April 15 A,, =Oct. 15 I Ai =183 

The value of the standard deviation, u, is coniputed by 
the forniulit 

and successive substitutions in (1) give the following 
values: 

.-__- 

u, = dy - 0.66 
= 11.7 days = 13.3 days = 18.4 clays. 

3 Reed IG’ a. & Tollefl H R op. cit. 

a de M O & H L ~  ~ E A T F I E R  &&w, April, 1916,U, chart facing p. 188. 
s iu‘mti U- J .  k r ; i  Op cit. 
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A possible relation between these values may be revea 
by computiiig the correlation coefficieri t, r, according to 
the usual fomiula which is stated in (3).  

Let P' =the chance that the selected period will be 
frost free. 

P, = the chance of safety in Spring. 
P, = the chance of safety in Fall. .. ~ 

and P, = Pa = P 
( 3 )  PxP=P' 

= 1% 1111 - (2) (A)} + ( 1 1.7 X 12.3 1 , 

= -0 . l i 9 .  

One niay also cleteriiiitle the sta!;ilarcl deviatiom of thc 
season without killii lg frost, u1, from the following equa- 
tion given by Pule' : 

(3)  UP = Ud3+ uax - 2TU,Ua , 
= 13G.Sg + 151.29 - ( - 51.52), 
= 339.70 

therefore 
QZ = -Jm = 18.1. 

The esisteiice of the residual 2ru,u, shotvs that mathe- 
inatically the dates of last spriiig aiicl first fall frost can 
not be regarded as indepeadent. However, if E,, the 
probable error of 11, is calculated from the usual foriiiula * 
it will be seen to be large when coinpared with the value 
of r. 

Thus 
1 - 9  (4) E, = 50.07 rjr 
1 - 0.0321 

= f 0.G7-k-- G.G 
= f0.099 

TABLE ?.-Chance of fmst occwrence, by the theory of probability, based 
on a SO-year r&cord udnbce the stavrdurd deilcifioirs cire kiiown. 

[Seep. 510 for explanation of symbols.] 

p 2  = p' 
P= JF 

This niay be applied to any case under consideration; 
for esuiiple, the frost record a t  Keokuk, Iowa, as given 
bv Table 1, may be studied. 011 the average date in 
S" rille (April 15) P, = 0.50 and on the average date in Fall 
(8ctoEer 15) P,=0.50. 

Then P = 0.50 
Pa = 0.25 

but Pa = P' 
P'=0.25 or 25 pes cent . 

which is not far from the 25 per cent shown by counting 
the cases: in fact i t  is within the variation to be ex- 
pected as a result of the siiidl number of observations. 

I t  is eriudly easy to find the length of the season in 
which the chance of killiiig frost is wen, that is, 50 per 
cell t. 

Here 
P' = 0.50 
P2 = 0.50 
P =jmo 

=0.71 or 71 per cent. 

Table 3 shows that the chance of safety in spring rises 
to 70 per cent at  0.5Su,days after the average and falls to 
70 per cent in fall n t  0 . 5 3 ~ ~  clays before the average date, 
so that at  Keokuk (see Table l),  for example- 

A, = April 15 (14.3)* 
us = 11.7 

A,+O. 52 us = April 21 (20.4)* 

Chance 
of frost. 

j Pcr&rnt. 
40 

, 10 

The chance that a clefiiiite criod estencling through 
the Summer will be free froin filling frosts may bo coni- 
uted from the chmce that it will be free froni killilie 

frost a t  the begiiiiiilig and at  the end Iu niatheniat8ica~ 
ternis this is fw follows: The probabilit that two iricle- 

separate probabilities of their happening. I t  caii be 
shown that the lon est period with an given chance. of 

killing frost in the earlypa.rt (S ring) ise ual to the chalice 

being practically always frost free in the strictly agri- 
cultural regions. 

The mathenlatical statement of the problem is as fol- 
lows : 

peudent events should both happen is t h e product of the 

safety from killiilg f rost will be that w E en the chniice of 

of killmgfrost inlater part (Fa1 Q ) , thrniicl 9 lepart (Smnnier) 

A, = October 15 (15.1)* 
ua = 13.3 

&- 0. 52ua = October 8 (8.7)* 

Thus, a t  Keokuk there is an even chance that the 170 
days from April 21 to October 8 will be free from killing 
frost. An esamination of the Keokuk record shows that 
there actually were 26 years between 1872 and 1914 in  
which there were more than 170 days beginning with 
April 21 on which killing frost clid not occur. This is a 
chance of GO per cent and, if the years represeat a fair 
sample of the conditions at Keokuk, it shows that the 
calculated season is a little too short. The explanation 
of this is to be found i n  the fact that during the years 
studied the first killing frost of Fall sometimes came late 
in years when the last killing frost in Spring was early, and 
vice versa. That is, there is a doubtful teiidenc toward 
"negative correlation," as is shown by the fact tgat there 
is a residual (2ru,ua) in equation (3) 111 which T (the coef- 
ficient of correlationB) has a value of -0.179. But the 
probable error of this coefficient is so large (0.099) when 
compared with its value, that correlation remains doubt- 
ful. The fact that this condition is persistent in most 

April 21 to October 8 = 170 days. 

7 Yuk. 0. Udncy. Introduction to the theory of statlstics. 2d ed. London, 1912. 

8 Yuk, f3. U. Op. cit., p. 352-353. 
p. 210-2211. 

*All fractions are added In Spring and dropped in Fall. 
#Smith, J .  Warren. Correlation. MONTELY WEATHER REVIEW, M a y ,  1911, 3): 

792-m5. 
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records is, perhaps, significant. At  an^ rate, the exist- 
ence of the residual clue to the apparelit value of T must 
be considered in any such comparison a.s this. Only 
when the value of T is zero does the residual disappear. 
In  the computation of risk! however, it  is better to assume 
that there is no negative correlatioii between the date of 
last killing frost in Spring and first killing frost in Ftdl, as 
this gives a sinall margin of safety. 

SIQNIFICAXCE OF THE CHARTS. 

The liniitiii dates of the season with any otlicr chalice 

sideration of the agricultural conditions ulid of the plant- 
ing dates of grain crops leads to the belief thata tnlie risk of 
frost clamage may reasonably be carried when the cliaiice 
of killing frost falls to 1 in 10 and that crops should gen- 
erally be hwvested before the chance of killbig frost in 
Fall has risen much above that ratio. If thcse tlntes are 
observed, the available growing season is that which may 
be espected to occur in about four-fifths of the years. 
That is- 

P ,  = 0.90 
Pa = 0.90 

P’ = 0. S 1  or about 415. 

of safety may f e det.ermined in the same iiiatiiier. A con- 

0.9oxo. 90 = P’ 

Tho results are, of course, the same if it  be assumed 
that a season free from killing frost in about four years in  
five is required for successful agriculture. 

Here 

but 

then 

P’=O.80 

p’ pz 

PZ= 0.80 

P =O.S94 
p =Jo.so 

=9/10 (appros.) 
therefore 

P, = 9/10 
Pa = 9/10 

Tlie maps presented as figures 3,4 ,  and 5 (charts XLIV- 
121 to 123) are intended to supplemriit rathcr than to 
supersede the maps showing average conditions. Thp 
usual maps of avera e conditions will continue to be more 

the dates after or beforc wliich the chance of frost is 112 
and the length of the season avnilnble in 1/4 of the years, 
because many more datit ttrc available for their construc- 
tion. The new charts presented with this paper nttcnipt 
to furnish information about more closely cnlculiited 
eriods, by means of which the degree of certnintv of 

freedom from frost may be better calculated and farm 
practice accordingly bettcr nditpted to the natural condi- 

accurate for tlie in B ornintion they ttre able to give, viz, 

tions of the region. In general it appears that the chance 
of killing frost falls to 10 er cent be.tween 10 and 30 days 

in the Fnll the corresponding difference is about the same. 
In  gcnw;tl :my station has n dispersion in Spring similar 
to that, in Fall (i. e., us and ua are nearly equal). 

In  the attcmpt to use any generulizecl maps of frost 
condi tions n.llowance must be riincle for locd vorintions. 
Any ma. )s of the United Stntes as a whole on the scales 
pmcticaklc for this I c E ~ E M ~ ,  c:m show only tlie general 
conditions O V C ~  wide weas. Within these nrens the more 
fnrorcd plnccs will be much ltw subject to  frosts nncl will 
have much longcr nvnilable growing seasons than those 
intlicntecl by the m:ip, while tlic less fnvorccl spots will 
haw 1ri.tm spring m d  earlier fall frosts with rrsultiiia 
sliorter growing ocasons. ~ l i c  clinnce of killing frost or o? 
ti frost-free scatsoii of nny givcn lengt,Ii for a station may 
be clctermined, from such iiinps as those ncc.oiiipa.nying 
this paper, by applying a correction for local conditions, 
and this correction must be determined for each place. 
Tlie necessity of this locd correction is not limited to 
tliesc dittil but applies with equal force to all imps of 
aversge dates or conditions. 

after the average date o P the last killing frost in Spring; 

CERTAIN CHARACTERISTICS OF T E E  WINDS AT MOUNT 
TAMALPAIS, CAL. 

By HERBERT H. WRIQHT, Aasistant Observer. 

[Dated: Weather I3uresi1, Mount Tamlpais, Cal., July 1?,1RlG.] 

Mount Tamnlpais, Cd., while on1 about 2,600 feet 

country tlmt it is speci:dly adapted for securing win 
data. Topogrnphy litis little or no effect 011 the direc- 
tions or velocities recorded. 

In Tnblc 1 will be found tlie prevailing wind directions 
for the months nnd for the year ;it Mount Tniiinlpais, 
coniyuted for the 13 yenm 1599 to  1911, inclusive. The 
persistency of the northwest wind nloiig this cosst is quite 
ninrkcd, ns this table shows. As lowcr lrvrls :ire rcsched 
there is n tendency for tlic wind to  Mow more from the 
west, specially during tho summer. In  winter, nt senlevel, 
the prevailing direction for i l  few inoritlis is southerly. 

TABLE 1 .-Prevailing wi7rd direelions at Mounl Tanidpais, 1899-1911 
iiicl uaive . 

8 above settlevrl, rises so abruptly from t s io low, surroundin 

-- ____ 

Tlie southeast winds a t  Mount. Tamlzlpais during Janu- 
ary we due to the fact that it is midwinter, the period of 
greatest storm frequency, niicl tlic LOWS follow each other 
in such rnpid succlwion t1in.t the winds prrvalen t during 
fair menther linve little influence in determining the pre- 
vailing direction at this scason. 


